Eye tracking has been widely used to investigate user interactions with the Web to improve user experience. In our previous work, we developed an algorithm called Scanpath Trend Analysis (STA) that analyses eye movement sequences (i.e., scanpaths) of multiple users on a web page and identifies their most commonly followed path in terms of the visual elements of the page. These visual elements are mainly the segments of a page generated by automated segmentation approaches. In our previous work, we also showed that the STA algorithm performs better than other existing algorithms in terms of providing the most representative scanpath of users. However, we did not know whether the validity of the algorithm is limited to a particular segmentation approach. In this paper, we investigate the effect of two different segmentation approaches on the STA algorithm. The results suggest that the validity of the algorithm is not affected by the segmentation approach used. Specifically, the resulting scanpath of the STA algorithm is the most representative scanpath of users in comparison with the resulting scanpaths of other existing algorithms regardless of the segmentation approach used.
INTRODUCTION
Eye tracking has been widely used to understand how users traverse the Web with the goal of improving user experience [6] . In particular, [3] conducted an eye tracking study Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. to understand how sighted users interact with tabular calendars to enter dates and then developed an audio interface for these calendars based on their findings. According to their evaluation, the audio interface improved the experience of visually impaired users. Eye tracking studies can also be a guide to evaluate the usability of web pages. For instance, transition probabilities between elements of a web page can be a guide to assess the efficiency of the arrangements of the elements on the page [6] .
While a user is traversing a web page, his/her eyes become relatively stable at certain points called fixations. A quick eye movement made from one fixation to another is referred to as a saccade. A sequence of fixations and saccades represents a scanpath. Figure 1 shows two user scanpaths on the AVG web page which is segmented into its visual elements, such as logo and menu items. [2] . As illustrated in the figure, fixations are illustrated by circles where the radius is directly proportional to the fixation duration. Additionally, straight lines are used to illustrate saccades.
Scanpath analysis allows to investigate user interactions with visual elements of web pages which can be used for various goals. For example, web pages can be transcoded (i.e., re-engineered) to improve user experience in constrained en-vironments, such as on small screen devices [1] and in audio access by screen readers [27] . Specifically, the firstly and mostly fixated visual elements can be moved to the earlier positions of web pages, such that the users can directly access these elements without a lot of scrolling/zooming or listening clutter. This is referred to as Experiential Transcoding in the literature [27] . Scanpath analysis can also be a guide for web designers to make their design more usable and/or investigate whether their expected path for a specific goal is followed by users [6] .
Individual scanpaths are mainly related to specific users, and therefore they are not useful for providing generalisable results. Hence, they have a limited benefit for evaluating and improving the usability of web pages. For example, if a web page is transcoded for a particular user, it may not be suitable for another user as their interests may not be the same. In our previous work, we developed an algorithm called Scanpath Trend Analysis (STA) that analyses multiple scanpaths on a particular web page and identifies the most commonly followed path in terms of the visual elements of the page (Section 3) [10] . The resulting scanpath is called a trending scanpath. It differs from an absolute path which is followed by all users. Existing algorithms tend to identify an absolute path, however they typically fail in providing a representative path due to the variations caused by individual differences (Section 2). In the STA, if a particular visual element is not shared by all users but it gets at least the same attention as the shared elements, it deserves to be in the trending scanpath.
In our previous work, we also evaluated the STA algorithm by using an eye tracking study and our evaluation showed that the STA algorithm performs better than other existing algorithms in terms of providing the most representative scanpath of users (Section 3) [10] . The degree of representativeness was measured by the sequential similarities between the individual scanpaths and the resulting scanpath. However, in the evaluation, we only used the improved and extended version of the Vision-based Page Segmentation (VIPS) approach to discover the visual elements of the web pages [2] . Therefore, we did not know whether the validity of the algorithm is limited to the VIPS approach. In this paper, we investigate the effect of two different segmentation approaches on the STA algorithm (Section 4). Our experimental results show that the validity of the algorithm is not affected by the segmentation approach used (Sections 6-8). Specifically, the STA algorithm provides the most representative scanpath in comparison with other existing algorithms regardless of the segmentation approach used.
RELATED WORK
In order to investigate how users interact with visual elements of a web page, user scanpaths are firstly represented in terms of the visual elements. These scanpaths can then be analysed for different goals by using various algorithms. Existing algorithms are mainly designed for comparing a pair of scanpaths, computing transition probabilities between visual elements, detecting patterns in given scanpaths and identifying a representative scanpath of users [9] . The comprehensive review of all of these algorithms can be found in [9] .
The Levenshtein algorithm, commonly known as the Stringedit algorithm, has been widely used to compare two scanpaths to find a distance between them [16] . The distance is the minimum number of editing operations (addition, deletion and substitution) needed to transform one scanpath to another. It can then be used to calculate the similarity between the two scanpaths as a percentage with Equation 1 below where S is the similarity, d is the distance and n is the length of the longer scanpath [23, 9] .
By default, the costs of the editing operations are the same and they are equal to one. Due to the differences in the sizes of visual elements and/or the geometrical distances between visual elements on a page, the substitution cost for a particular pair of visual elements may differ from the substitution cost for another pair of visual elements [16] . It has been suggested to generate a substitution cost matrix to keep the substitution costs between all pairs of visual elements and then integrate this matrix into the String-edit algorithm [22] . Albeit this algorithm is useful to compare two scanpaths, it is not applicable for identifying the most commonly followed path of mutliple users.
To compute transition probabilities between visual elements of a web page, a transition matrix can be generated by analysing all available scanpaths on the page [25] . This matrix, however, does not tell the most commonly followed path of users [15] . Specifically, it does not directly tell which visual element should be positioned at the end of the common scanpath.
There are various options for User Experience (UX) researchers who want to detect patterns in multiple scanpaths. One of these options is eyePatterns tool 1 which allows to discover patterns in given scanpaths. However, its algorithm to discover patterns is mainly designed for detecting exact patterns which consist of minimum three visual elements [25] . Particularly, it is not able to detect ABC in the scanpaths ABCY and ABXC because of the extra element X. Another option is the Sequential Pattern Mining (SPAM) algorithm 2 [14, 12] . In contrast to eyePatterns tool, the SPAM algorithm is more tolerant to extra elements in scanpaths. Next option is the T-Pattern Detection which is a commercial product 3 . It has been used to recognise repetitive patterns in user scanpaths on web pages by [4, 17] . It consists of many parameters, such as the critical interval type, and the adjustments of these parameters can easily affect the detection process.
In order to identify an absolute path which is followed by all users, the Dotplots algorithm was suggested for hierarchical clustering of individual scanpaths [13] . In addition to the Dotplots based hierarchical clustering, eMINE scanpath algorithm 4 was proposed which also uses a hierarchical clustering but with the String-edit and the Longest Common Subsequence (LCS) algorithms [8, 7] . In this clustering, the String-edit algorithm is used to find the two most similar scanpaths from the list and then the LCS algorithm is used to find the common scanpath of the two similar scanpaths.
Due to the variations in individual scanpaths, existing algorithms are likely to provide no result or an unacceptably short result that may not be representative for understand-ing users' behaviors on web pages. To address this limitation, in our previous work, we developed an algorithm called STA (Scanpath Trend Analysis) to analyse multiple scanpaths on a particular page and identify the most commonly followed path in terms of the visual elements of the page. The STA algorithm is briefly introduced in the following section and detailed description can be found in [10] .
STA: SCANPATH TREND ANALYSIS
The STA algorithm consists of three stages which are as follows: (1) Preliminary Stage, (2) First Pass, and (3) Second Pass. These stages are briefly introduced below.
Preliminary Stage: The STA algorithm firstly takes eye tracking data (a series of fixations for each user) on a specific web page and the visual elements of the page. In the preliminary stage, the fixations are correlated with the visual elements. As a result, the individual scanpaths are represented in terms of the visual elements. For instance, according to the scanpaths illustrated in Figure 1 , one of the users fixated the elements I, G, I and I respectively, and therefore his/her scanpath is represented as IGII.
First Pass: The first pass is responsible for analysing the individual scanpaths to identify the trending elements by considering the total number of fixations and the total duration of fixations (i.e., dwell time) on the elements. The same element can be fixated more than once by a user and this can be consecutive (e.g. KIGG) and/or non-consecutive (e.g. GKIG). In the STA, each non-consecutive visit is called a visual element instance. For instance, the scanpath IGII includes two instances of the element I. The algorithm differentiates these instances by assigning them different numbers based on their total durations as the durations are correlated with information processing [24, 11] . Specifically, the first number is assigned to the longest instance of a particular element in an individual scanpath (e.g. I1 G1 I2 I2). Once the instances are differentiated, the trending instances are identified. The instance becomes trending when it satisfies the following two criteria: (1) The total number of fixations on the instance is greater than or equal to the minimum total number of fixations on the instances shared by all of the individual scanpaths (2) The total duration on the instance is greater than or equal to the minimum total duration on the instances shared by all of the individual scanpaths. When the trending instances are identified, other instances are removed from the individual scanpaths as they will not be included in the trending scanpath. below where P is the instance position in the individual scanpath (the first position is zero) and L is the length of the individual scanpath. We take the max and min values as 1 and 0.1 respectively to give 1 point the first instance and 0.1 points to the last instance.
When all of the priority values are calculated, the total priority value (Ψ) for each instance is calculated with Equation 3 above where n is the number of individual scanpaths. The algorithm then positions the instances into the trending scanpath based on their total priority values in descending order. If multiple instances have the same total priority value, their total duration and the total number of fixations on the instances are also considered. Once the trending instances are positioned in the trending scanpath, their numbers are eliminated (e.g. G1 → G) and then the consecutive repetitions are removed (e.g. IGII → IGI). Thus, the trending scanpath is represented in terms of the visual elements.
EYE TRACKING STUDY
We have already evaluated the STA algorithm by using an eye tracking study [10] . In the evaluation, we used the extended and improved version of the VIPS approach to segment the web pages into their visual elements [2] . According to our evaluation, the STA algorithm is able to provide the most representative scanpath of users in comparison with other existing algorithms. However, we did not know whether the validity of the STA algorithm is limited to the VIPS approach. Therefore, our research question here is: "Is the STA algorithm able to provide the most representative scanpath of users regardless of the segmentation approach used?".
In order to investigate whether or not the validity of the STA algorithm is restricted to a particular segmentation approach, we conducted a new eye tracking study with 41 users at Middle East Technical University Northern Cyprus Campus. The methodology used in this study was previously used in our another eye tracking study [8, 7, 10] . The details of the complete methodology can be found in [8, 7, 10] .
Participants
Twenty-one male and 20 female users participated in the study. The majority of these users were students, along with some academic staff at the university. There were also some other users from outside of the university. All the users were daily web users, apart from one male user who claimed that he used the web a few times in a week. Thirty-six users were between the ages of 18-24 and five users were between the ages of 25-34. Moreover, all the users had a high school diploma, except from one user who also held a master's degree.
Equipment and Materials
The eye movements of the users were recorded by using Tobii T60 eye tracker that was built-in a 17" monitor. The screen resolution was 1280 x 1024. These users were requested to perform specific tasks on the stored versions of the Apple, Babylon, AVG, Yahoo, Godaddy and BBC web pages (See Open Data Section). As an example, show the Apple and BBC web pages with their segments discovered by two different approaches [2, 21] .
User Tasks
The tasks performed were classified into two categories which are the browsing and searching tasks. For the browsing tasks, the users were requested to browse on the web pages without a particular goal. However, for the searching tasks, they were asked to find specific information or items on the web pages. The searching tasks are listed below.
• Apple a) Can you locate a link which allows watching the TV ads relating to iPad mini? b) Can you locate a link labelled iPad on the main menu?
• Babylon a) Can you locate a link that you can download the free version of Babylon? b) Can you find and read the names of other products of Babylon?
• AVG a) Can you locate a link which you can download a free trial of AVG Internet Security 2013? b) Can you locate a link which allows you to download AVG Anti-virus Free 2013?
• Yahoo a) Can you read the titles of the main headlines which have smaller images? b) Can you read the first item under the News title? 
Procedure
The users were firstly requested to read an information sheet about the study. After that, they were requested to sign a consent form to accept that they were informed about their rights and they were volunteer to participate in the study. Following this, their gender, age-group and education level were noted. The eye tracking sessions were then started. During the sessions, they visited the web pages two times in a random order where one of views was for the browsing tasks (30 seconds) and another view was for the searching tasks (maximum 120 seconds).
METHODOLOGY
The objective of this paper is to investigate whether or not the STA algorithm provides the most representative scanpath of users in comparison with other existing algorithms regardless of the segmentation approach used. Therefore, the result of the STA algorithm should have the highest similarities to the individual scanpaths in comparison with the results of other algorithms. In order to achieve our objective, we firstly segmented the six web pages by using both the VIPS [2] and the Block-o-Matic (BOM) [21] segmentation approaches. Both of these segmentation approaches use the DOM structure and the visual representation of the web pages, but uses different algorithms for segmentation. In particular, the BOM segmentation also applies a logical approach to group the segments based on the four Gestalt laws (Proximity, Similarity, Closure and Simplicity) [21] . As a result of segmentation process, both of these approaches provide a tree of segments. Thus, they have a granularity parameter which affects the number of segments and the size of segments. The VIPS provides more and smaller segments at higher granularity levels whereas the BOM provides fewer and bigger segments at higher granularity levels. A study conducted by [2] suggests that the fifth granularity level is mostly preferred by users, and therefore we used the fifth level to segment the web pages with the VIPS approach. In contrast, there is no suggestion for the BOM's granularity level, so we used the default one (0.3).
Unfortunately, the current publicly available implementation of the BOM segmentation approach 5 failed to properly segment some of the web pages. Hence, we applied a systematic approach to fix these problems by following the algorithm given their paper [21, 20] : (1) If there is an empty block (i.e., segment) which covers only white space, the block is excluded. (2) If there is a larger block which covers other smaller blocks, the larger block will be used. (3) If there is a number of blocks which have overlaps, the borders of these blocks are adjusted such that they do not have overlaps. (4) If there is a group of items which are not covered by any block, they are included in the closest block. Figure 6 shows the segmentation of the AVG page with the implementation of the BOM approach. There was a group of menu items (For Home, For Business, For Mobile and Support) between the block L4 and the block L5 and they were not covered by any block. Because of the rule 4, these items were included in the closest block which is the AVG logo (the block L4).
Once the web pages were segmented properly and the visual elements were discovered, the individual scanpaths were represented in terms of the visual elements. We then applied the STA and other existing algorithms (the eyePatterns Discover Patterns algorithm [25] , the Dotplots based algorithm [13] , the SPAM algorithm [14, 12] , and eMine algorithm [8, 27] ) to all of the individual scanpaths on the six web pages for the browsing and searching tasks. With the SPAM algorithm, multiple scanpaths were detected for some of the pages. To be fair, we selected the one with the highest similarities to the individual scanpaths. This means that we chose its best result from this aspect.
We then compared the resulting scanpaths with the individual scanpaths. For this purpose, we used the standard String-edit algorithm to calculate the similarities to the individual scanpaths as it has been widely used in the literature 5 http://www-poleia.lip6.fr/˜sanojaa/BOM/ Figure 6 : The AVG web page segmented with the BOM approach (see Section 2). To investigate whether the differences between the results of the STA and other existing algorithms are statistically significant and not caused by chance, we conducted a statistical analysis [19] . Since the algorithms were applied to the same scanpaths, the repeated measures design was used here. Hence, when the differences between the results of two algorithms (i.e., the similarities to the individual scanpaths) were normally distributed, the dependent T-Test was applied which provides t value. Otherwise, the Wilcoxon Signed Rank test was applied which provides Z value. We assessed the normality of the results by using the Shapiro-Wilk test.
The statistical analysis was conducted with 95% confidence interval [19] . In this confidence interval, when the p value is less than 0.05, we can mention a significant difference between the results of two algorithms. However, the probability of identifying a significant difference due to chance raises when the number of pairwise comparisons raises [18] . In our statistical analysis, the STA algorithm was compared with other four algorithms in a pairwise manner on each web page for both the browsing and searching tasks. Therefore, the p value was adjusted by using the Bonferroni correction method [18] . In other words, the p value was divided by the number of pairwise comparisons (0.05/4 = 0.0125) [18] . As a result, the p value should be less than 0.0125 in our analysis to show a significant difference between the results of two algorithms.
In order to illustrate the strength of the differences between the results of the STA and other algorithms, we also calculated the effect sizes. The Cohen's d value was calculated as the effect size when the T-test was appropriate (0.2: Small Effect, 0.5 : Medium Effect, 0.8: Large Effect). Otherwise, the r value was calculated as the effect size (0.1: Small Effect, 0.3: Medium Effect, 0.5: Large Effect) [5, 19] . The following section presents our statistical analysis for both the VIPS and the BOM segmentation approaches [2, 21] .
RESULTS
This section presents the statistical comparison of the results of the STA and other existing algorithms for both the VIPS and BOM segmentation approaches. Table 1 shows the results of the STA algorithm. The individual scanpaths and the results of other existing algorithms can be found in our external data repository (see Open Data Section). The repository also includes the computed similarities between the individual scanpaths and the resulting scanpaths of the STA and other existing algorithms. Table 2 and Table 3 present the mean (M), median (MD), standard deviation (SD), minimum (MIN) and maximum (MAX) similarities between the individual scanpaths and the results of the STA and other algorithms on the six web pages for the browsing and searching tasks when the VIPS approach was used to segment the web pages [2] . As presented, the eyePatterns Discover Patterns algorithm could not provide any results in none of the cases. Moreover, eM-INE algorithm and the Dotplots based algorithm could not provide any result in some cases. For example, no result could be provided by eMINE algorithm on the Babylon page for the browsing task when the VIPS was used [2] . As illustrated in Table 2 and Table 3 , in the majority of the cases, the results of the STA algorithm were more sim- ilar to the individual scanpaths in comparison with other algorithms. For example, on the Apple page for the browsing task, the mean similarity between the result of the STA and the individual scanpaths are equal to 25.64% whereas the mean similarities between the results of eMINE algorithm and the SPAM algorithm to the individual scanpaths were equal to 2.82% and 11.26% respectively. Moreover, no result was provided by the eyePatterns Discover Patterns algorithm and the Dotplots based algorithm on the Apple page for the browsing task. According to our statistical analysis (see Table 4 and Table 5), the STA algorithm performed significantly better than all other algorithms in eight out of 12 cases with a large effect in terms of providing the most representative scanpath and this not an occurrence by chance (p < 0.0005). In some cases, the results of the STA and some algorithms had the same similarities to the individual scanpaths. For example, the result of the STA algorithm and the SPAM algorithm have the same similarities to the individual scanpaths on the Godaddy page for the browsing task. In three cases, the SPAM algorithm performed better than the STA algorithm (the browsing and searching tasks on the AVG page and the browsing task on the Yahoo page). However, apart from the SPAM algorithm, none of the algorithms performed better than the STA in our tests. Table 6 and Table 7 show the mean (M), median (MD), standard deviation (SD), minimum (MIN) and maximum (MAX) similarities between the individual scanpaths and the results of the STA and other existing algorithms on the six pages for the browsing and searching tasks when the BOM approach was used to discover the visual elements of the web pages [21] . As illustrated in these tables, no result could be provided by the eyePatterns Discover Pattern algorithm again. The Dotplots based algorithm also could not provide any result on the Apple page for the searching task and on the Godaddy and Yahoo pages for the browsing task. According to Table 6 and Table 7 , the results of the STA algorithm were more similar to the individual scanpaths in comparison with other algorithms in five out of 12 cases. For example, on the Apple page for the browsing task, the mean similarity between the result of the STA and the individual scanpaths are equal to 26.85% whereas the mean similarities between the results of eMINE algorithm, the Dotplots based algorithm and the SPAM algorithm to the individual scanpaths were equal to 4.43%, 4.43% and 13.30% respectively. Moreover, as mentioned above, no result was provided by the eyePatterns Discover Patterns algorithm on the Apple page for the browsing task.
Results for the VIPS Approach

Results for the BOM Approach
As illustrated in Table 8 and Table 9 , the STA algorithm performed significantly better than all other algorithms in five out of 12 cases with a large effect in terms of providing the most representative scanpath with a large effect, except on the Apple page for the searching task where the effect size was small between the STA algorithm and the SPAM algorithm. In three cases, apart from the eyePatterns Discover Pattern algorithm, all of the algorithms provided the results which have the same similarities to the individual scanpaths (the browsing task on the Babylon and BBC pages and the searching task on the BBC page). In addition, the SPAM algorithm performed better on the AVG page for the searching task in comparison with the STA and other algorithms. In the rest of the cases, none of other algorithms provided better results than the STA algorithm, even though they provided the same results as the STA algorithm in some cases.
To sum up, the STA algorithm provided the most representative scanpath in the majority of the cases. In the rest of the cases, it still provided more representative scanpath in comparison with some of other existing algorithms. As the SPAM algorithm performed better than the STA algorithm in only four out of 24 cases, we can suggest that the STA algorithm is able to provide the most representative scanpath of users regardless of the segmentation approach used.
DISCUSSION
The validity of the STA algorithm was tested with the VIPS and BOM segmentation approaches [2, 21] . The results mainly show that the validity of the STA algorithm is not affected by the segmentation approach used. Even though there were some cases where the STA could not provide the most representative scanpath, the STA algorithm performed significantly better than other existing algorithms in the most of the cases regardless of the segmentation approach used (see Section 6) .
Our experimental results show that the STA algorithm may not perform better than other existing algorithms when visual elements cover large areas on web pages. In particular, when the BOM segmentation approach was used to segment the web pages [21] , the visual elements of the BBC page were quite large, especially the element B which is almost half of the page (see Figure 5 ). Although none of the existing algorithms performed better than the STA algorithm on the BBC page, the STA algorithm could not provide the most representative scanpath on that page. It is an expected situation because when there are very large visual elements, the variations between the individual scanpaths will be lower as the number of visual elements is limited.
In our previous work, we also showed that when there are more and smaller segments, the STA algorithm provides more representative scanpath [10] . We can also see this conclusion from this paper. As illustrated in Figures 2-5 , more and smaller segments were generated by the VIPS segmentation approach in comparison with the BOM segmentation approach. For example, the elements G, H, I and J of the Apple page generated by the VIPS approach are covered by the element E generated by the BOM approach. Thus, the STA algorithm performed better with the VIPS segmentation approach (eight out of 12 cases) in comparison with the BOM segmentation approach (five out of 12 cases). Therefore, we can suggest that the granularity level is an important factor in scanpath analysis with the STA algorithm as it affects the sizes of segments and the number of segments on web pages. If there are very large segments on a web page, the difference between the results of the STA algorithm and other existing algorithms may not be significantly different. However, according to a study conducted by [2] , users prefer more and smaller segments in comparison with fewer and larger segments.
As the STA algorithm identifies the trending scanpath by analysing the individual scanpaths, the trending scanpath should be similar to the individual scanpaths as much as possible. Unless all the users follow exactly the same path, a 100% similarity to the individual scanpaths cannot be achieved. Furthermore, when the individual scanpaths are entirely different from each other, such as ABC, DEF and GHI, no trending scanpath can be identified. Hence, the similarities between the trending scanpath and the individual scanpaths are strongly associated with the similarities between the individual scanpaths. Table 10 shows the minimum similarities between the individual scanpaths in the test cases. Based on Tables 2, 3 , 6 and 7, we can suggest that the median similarity of the trending scanpaths to the individual scanpaths are greater than the minimum similarity between the individual scanpaths in the most of the cases (VIPS: 9 out of 12 cases, BOM: 8 out of 12 cases). Since there is a limited number of segmentation approaches with a publicly available implementation, we could only investigate the effect of two different segmentation approaches on the STA algorithm in this paper [26] . When there is another segmentation approach available with its public implementation, the same methodology can be applied to investigate its effect on the STA algorithm. However, based on the results presented in this paper, we can suggest that the STA algorithm is likely to provide the most representative scanpath in comparison with other segmentation approaches as it also considers the visual elements which are not shared by all users but get at least the same attention as the shared elements.
A new eye tracking study was conducted to investigate the effects of two segmentation approaches on the STA algorithm. This allowed us to re-evaluate the STA algorithm with the VIPS approach by using different users as we had already evaluated the algorithm with the VIPS approach in our previous work [10] . Although the age distribution of our participants was concentrated in the range of 18 and 34 (See Section 4), all of the participants were daily web users (apart from one participant) and they had different educational backgrounds (such as, computer engineering, civil engineering, psychology and business administration). Therefore, we believe that they are an indicator for other web users. Based on the results, we can suggest that the STA algorithm is able to provide the most representative scanpath regardless of the users included. The validity of the STA algorithm could also be tested with a completely different eye tracking dataset with different user groups (such as, older users). In particular, we could test whether the validity of the STA algorithm is limited to specific web pages. For example, a search engine can be included in the evaluation process. However, since the focus of the algorithm is not the contents of the web pages, we believe that the validity of the STA algorithm is not significantly affected by the selection of the web pages. By testing the STA algorithm with a different dataset, however, would allow to generalise the validity of the algorithm.
The STA algorithm is designed to cluster multiple scanpaths into a single representative scanpath. However, there may be some users who use different strategies while they are interacting with web pages. In such cases, the user scanpaths can firstly be categorised into multiple groups where the similar scanpaths are located in the same group, and then the trending scanpath for each group can be computed by using the STA algorithm.
The STA algorithm can be used to improve user experience in constrained environments by guiding web page transcoding (see Section 1). Since the algorithm highlights the most commonly fixated elements in order, the firstly and mostly fixated elements can be accessed earlier in the transcoded version. This allows to avoid spending unnecessary time to find targets. The algorithm also contributes to usability studies, for example, it can used for identifying whether or not users use an expected path for a specific goal. The STA algorithm can also be used in different fields. For example, it can be used in Information Retrieval (IR) research to identify which parts of web pages have higher priority to be shown to users. It can also contribute to Web advertising by guiding to position advertisements on web pages to attract attention of users when they visit the pages.
CONCLUSIONS
Eye tracking provides insights into how users interact with web pages. Hence, it helps to identify problems and improve user experience on the Web. In our previous work, we devel-oped the STA algorithm which analyses multiple scanpaths on a web page and identifies the most commonly followed path in terms of the visual elements of the web page [10] . Although we validated the STA algorithm by using an eye tracking study, we did not know whether the validity of the algorithm could be affected by the segmentation approach used. This paper presents the investigation of the effect of two segmentation approaches on the STA algorithm and illustrates that the validity of the algorithm is not limited to a particular segmentation approach.
UX researchers may prefer to analyse user scanpaths by using different types of segmentations for their studies, and therefore a scanpath analysis algorithm should not be restricted to a particular segmentation approach. Based on our experimental results, we can suggest them to use the STA algorithm if they want to identify a trending scanpath on a particular page.
Open Data
The eye tracking study materials (the information sheet, consent form, questionnaire and web pages with their visual elements) are provided in our external repository (http: //iam-data.cs.manchester.ac.uk/data files/24). The repository also involves the individual scanpaths in terms of the visual elements of the web pages. The resulting scanpaths of the STA algorithm and other existing algorithms are also provided with their similarities to the individual scanpaths.
